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DATABASE SCHEME FOR STORING
GENERIC DATA

BACKGROUND

A storage device such as a relational database may
organize data into one or more tables of columns and rows,
with a key identifying each row. Generally, each table
represents one entity type such as a customer entity or a
product entity. In this arrangement, the rows may represent
instances of that type of entity such as a name of a person
or a name of a product, and the columns may represent
values attributed to that instance such as an address of the
person or a price ol the product. Digital databases are
commonly used to store big data because of the flexibility,
case of use, security, data independence, and data manipu-
lation capabilities of a digital database. Storing and analyz-
ing big data are of significant importance to software sys-
tems. For example, data sets may be analyzed and
interpreted by these systems to predict a future behavior or
a future event. The data sets may include data that is
collected from multiple external data sources such as
devices on the internet of things (IoT). To analyze the data,
the data 1s often transierred from the external data sources to
a backend system where 1t can be stored for evaluation at a
later point 1n time.

In some software systems, the transfer of data may be
accomplished by sending messages from the data sources to
specific interfaces within the backend system. The interfaces
may have diflerent structures or they may be built differently
in order to recerve and transmit different types of data
messages (e.g., one imterface may receive orders, another
interface may receive available products, and the like).
Therefore, messages within the system can be composed of
different data structures. When an error occurs (e.g., seman-
tic error) while processing a message, the system may persist
the message and attempt to recover the message at a later
point 1n time. For example, the system may wait until there
1s a group ol messages to be analyzed. To persist a group of
messages that have different data structures, the system
typically requires an unnormalized database scheme or even
a schemaless database. However, an unnormalized scheme
may limit further processing, because the data’s original
structure gets lost on a database layer. For instance, aggre-
gating or searching within specific columns or even within
joined tables 1s very limited or prevented. Doing this on an
application layer results in a negative impact to the perfor-
mance of the system and increases overall complexity.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the example embodiments,
and the manner 1n which the same are accomplished, will
become more readily apparent with reference to the follow-
ing detailed description taken 1n conjunction with the
accompanying drawings.

FIG. 1 1s a diagram 1llustrating a sample data structure in
accordance with an example embodiment.

FIG. 2 1s a diagram 1llustrating a process of generating a
database scheme based on a data structure 1n accordance
with an example embodiment.

FIG. 3 1s a diagram 1llustrating a process of generating a
database scheme for a plurality of data structures 1n accor-
dance with an example embodiment.

FI1G. 4 1s a diagram 1llustrating a process of generating a
database scheme from a tree structure 1n accordance with an
example embodiment.
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FIG. § 1s a diagram illustrating a process of denving a
database scheme from a data structure 1n accordance with an
example embodiment.

FIG. 6 1s a diagram 1llustrating a method for generating a
normalized database scheme 1n accordance with an example
embodiment.

FIG. 7 1s a diagram 1illustrating a database scheme gen-
erating device 1n accordance with an example embodiment.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated or adjusted for clarity,
illustration, and/or convenience.

DETAILED DESCRIPTION

In the following description, specific details are set forth
in order to provide a thorough understanding of the various
example embodiments. It should be appreciated that various
modifications to the embodiments will be readily apparent to
those skilled in the art, and the generic principles defined
herein may be applied to other embodiments and applica-
tions without departing from the spirit and scope of the
disclosure. Moreover, 1in the following description, numer-
ous details are set forth for the purpose of explanation.
However, one of ordinary skill in the art should understand
that embodiments may be practiced without the use of these
specific details. In other instances, well-known structures
and processes are not shown or described in order not to
obscure the description with unnecessary detail. Thus, the
present disclosure 1s not intended to be limited to the
embodiments shown, but 1s to be accorded the widest scope
consistent with the principles and features disclosed herein.

The examples provided herein are directed towards a
system and method for storing generic data 1n a relational
database or other type of digital database. Data objects such
as messages, files, and the like, may have different data
structures (e.g., diflerent fields, formats, tables, and the like).
A data structure 1s typically a description of a message, file,
and the like, which contains the data. According to various
aspects, a data structure can be used to generate a normal-
ized database scheme to store generic data in the same
database (e.g. a relational database) while still retaining
information about the diflering data structures of the original
data. Furthermore, because information about the structure
of the data 1s maintained, the data may be subsequently
searched and/or processed based on 1ts original data struc-
ture and by utilizing the capabilities of the installed database
system, for example, querying and aggregating records,
joining tables, and the like, 1n a relational database.

As a non-limiting example, the data described herein may
be “big data” which 1s collected and stored 1n a network, for
example, an Internet of Things (IoT) infrastructure 1n which
physical devices collect and exchange data with a backend
system such as a cloud computing environment. However,
the embodiments are not limited to big data and may be any
type of data that i1s stored and further processed. In some
examples, the data may be used for predictive analytics, user
behavior analytics, or other advanced data analytics methods
that extract value from different types of data. As one
example, the data may be used with data processing appli-
cations. Analytical applications may have dithiculty handling
different types of data from across a large network in which
the different types of data are collected and processed
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together. Furthermore there are situations i which an error
occurs during processing of the data (e.g., the data messages,
data files, and the like).

In a predictive analytics system, accuracy in the data may
be critical because 1t can lead to more confident decision
making, resulting in greater operational efliciency, cost
reduction, and reduced risk. Therefore, correcting the errors
1s ol significant benefit to the system. However, to manually
or automatically correct these errors at a later point of time
or 1n a different environment/context, 1t 1s beneficial to store
the data message/file and analyze the errors as a group to
look for patterns, trends, consistencies, etc. As described
herein, data messages may be used to transier data between
different informational technology (IT) systems 1n the sys-
tem. The messages may have different data structures cor-
responding to different system interfaces. The different
structures may include different fields of information, dif-
ferent substructures, and the like. As a result, messages for
cach interface may look differently and have data that is
structured differently. To further evaluate and possibly cor-
rect an error 1n a message, the message may be persisted in
a database until a later point 1n time when 1t can be analyzed
with a larger group of messages.

In a related art, because the messages have different data
structures, the data 1s typically stored unnormalized and/or
structureless 1n order to store the differing data structures 1n
a single relational database. That 1s, the structured data is
converted into unstructured data to accommodate the dii-
ferent data structures. In one such related environment, a
message 1s persisted by converting the message mto an
XML, file 1n which the information included 1n a plurality of
ficlds and tables of the message are converted into a single
combined string of text. This string of text represents the
data of the entire message. That 1s, multiple fields of a
structured message are stored as one long text field within a
database record or other document resulting in unstructured
message data. In this related environment, when converted
and stored, further processing of the message data 1s very
difficult because the structure of the message 1s gone on a
storage level as a result of the conversion and storage. To
access the data, the stored content has to be loaded, inter-
preted and restored. Furthermore, direct access to specific
fields of the data 1s not possible.

In contrast, the example embodiments provide a database
scheme generator that generates a combined database
scheme for a plurality of different data structures and
deploys the database scheme within the database such that
different types of data structures can be stored 1n the same
dedicated place 1n the database while retaining information
about the respective data structures. With this information
the database 1s able to access/search/etc. within specific
fields of the data without interpreting 1t first. According to
various aspects, the database scheme generator may perform
a pre-processing step or steps on diflerent data structures to
generate a single combined database scheme capable of
retaining information about the different data structures. As
a result, data that has diflerent structures may be stored
together and searched together 1n a single relational database
based on a single database scheme.

FIG. 1 illustrates a sample data structure 100 1n accor-
dance with an example embodiment. Referring to FIG. 1, the
data structure 100 represents the structure (1.e., format) of a
data object 110 such as a data file, a message, and the like.
For example, a data structure 100 may be a description of the
format of a data object 110 such as a message, a {ile, and the
like, which contains the data. As another example, the data
stricture may be a table. The data structure 100 may have a
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hierarchical format and may vary, for example, based on the
devices transmitting and/or receiving the data object 110. In
the example of FIG. 1, the data structure 100 has a root 101.
Here, the root 101 1s the root of a plurality of subcomponents
as substructures and/or fields within the data. In FIG. 1, the
structure’s root 101 includes a plurality of substructures
such as subtable 102. The structures and substructures may
include various data types such as one or more tables, fields,
sets, graphs, arrays, or other structures. Each of the struc-
tures and substructures may have a format, data type, and the
like, associated therewith. Also, a table may contain one or
more other elements/structures in at least one dimension
such as a field, subtable, list, array, set, map, and the like. In
this example, subtable 102 includes substructure 104. The
substructure 104 1n this example includes a plurality of
further subcomponents such as field 106 and substructure
108. Furthermore, the sub-substructures may include addi-
tional structures and fields.

FIG. 2 illustrates a process 200 of generating a database
scheme based on a data structure in accordance with an
example embodiment. In this example, a data structure 210
may represent or be a description of a data object such as a
data message, data file, and the like, and 1t may be the same
as data structure 100 shown 1n FIG. 1 or 1t may be a different
data structure. According to various embodiments, a gen-
erator tool 220 may generate a database scheme 230 based
on the data structure 210 of the corresponding data object.
In the example 1n which the data structure 210 corresponds
to a data message, the data message may not be limited to
only one possible data structure but may be capable of
having multiple data structures. The generator tool 220 may
generate a database scheme for a given data message based
on its respective data structure. The generator tool 220 may
repeat the database scheme generation process for each
differently structured message. For example, the generator
tool 220 may perform a preprocessing step for each data
structure 210 of each differently structured message to
generate a corresponding database scheme 230 used for
storing all data messages. By using the generator tool 220
during preprocessing (€.g., before storing the data), multiple
resulting database schemes can be merged mto a single
combined database scheme and deployed on database 240.
Afterwards the data can be persisted 1n the generated data-

base tables of the database 240 using the database scheme
generated by the generator tool 220 and deployed on the
database 240.

In the example of FIG. 2, the generator tool 220 may use
a function (e.g., function H) which describes how a given
data structure can be used to construct the database scheme
230. For example, the function H may use the data structure
to create a table in the database scheme 230 for every
substructure, subtable, and the like. In this example, each
field 1n the data structure 210 may get transferred into a
column of the parent structure or table included i1n the
database. The resulting database tables in the database
scheme 230 may be connected by using relations. For
example, each generated table in the database scheme 230
may be designated an ID column that 1s used to identily the
table and that 1s also used as a primary key. Each table
generated through a substructure or subtable may also be
designated a parent ID column as a foreign key to describe
the hierarchy. An example of generating a database scheme
230 1s described with respect to FIG. 5. The generator tool
220 may use the data structure 210 of the data object as input
and generate the database scheme 230 based thereon. This
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may be performed one time per data structure. Then, the
generated database scheme 230 may be deployed or imple-
mented on the database 240.

In addition to storing data, the data may be loaded,
restored, joined and the like, to and from the database 240.
To perform any of these functions, the data from a message
(or file, etc.) may be transformed from the message to the
database scheme 230 deployed on the database 240. For
example, the transformation of the data may be performed
by transformation logic 2350. That is, the transformation
logic 250 may transform the data included 1n the message to
the database scheme 230. For example, the generator tool
220 may not only generate the database scheme 230 but also
generate a mapping that identifies which fields of the data
structure 210 relate to which portions of the database
scheme 230. As an example, a field of the data structure 210
may relate to or correspond to a certain column 1n a database
table according to the database scheme 230. The mapping
information may be extracted during the generator process
and stored 1n a storage (not shown). The mapping informa-
tion may be loaded during the transformation process to map
and move the data from the message to the database 240. As
another example, the mapping can be generated on the fly or
in advance. As yet another example, the generator tool 220
may not perform the mapping, but could use a separate
component. Regardless, the data 1s moved from the original
data object having the data structure 210 to corresponding
rows/columns of the database scheme 230 within the data-
base 240 based on the transformation logic 250.

FIG. 3 illustrates a process 300 of generating a database
scheme for a plurality of data structures in accordance with
an example embodiment. In this example, a plurality of data
messages having a plurality of respective data structures 310
may be stored in database 350 using a single database
scheme 340. In this example, generator tool 320 uses a
function H to generate a relational database scheme for a
given data structure 310 from among the plurality of data
structures 310. In addition, there also exists a combining tool
as part of the generator tool 320 that uses a function G to
generate a set of relational database schemes for the set of
data structures 310 by applying the function H to each data
structure 310. The combiner tool tunction G as part of
generator tool 320 combines the results of function H into a
single database scheme. As a result, the database schemes
can be merged and deployed on the database 350 as a single
combined database scheme 340. Accordingly, different data
structures of data can be persisted i the tables of the
database 350 according to the one database scheme 340. In
the example of FIG. 3, the generator tool 320 not only works
for one data message/structure but 1t works for many. In
addition, the combiner tool as part of the generator tool 320
may use function H to generate a single database scheme
340 for many data structures corresponding to many data
objects. As a result, a plurality of different data structures
may be persisted onto a single relational database 350 while
still retaiming information about their structure thereby
enabling further searching and processing based on the
original structure of the data object.

FIG. 4 illustrates a process 400 of generating a database
scheme from a structure i accordance with an example
embodiment. That 1s, FIG. 4 provides an example of how to
construct a function G for use 1n the generator tool according
to various embodiments. In this example, structure 410 1s the
input for the function. The structure’s format includes a
plurality of types of data or data fields. For example, a data
record of the data set 410 may include a field for system
date/time represented by a timestamp, an 1dentifier, a MAC
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address, global positioning system coordinates, and the like.
The data set 410 1s transformed 1nto the mapping 430 shown
on the right side of FIG. 4. Between the data set 410 and the

resulted mapping 430 1s a tree structure 420 which 1s used
by the transformation logic (e.g., transformation logic 250
shown 1n FIG. 2) of the data set 410. In this example, the tree
420 may be built from a data structure of the data set 410 and
the tree 420 may be transformed to generate the database
scheme. Optimization and/or transformation operations may
be applied to the tree 420, for example, a structure inliming
operation, a name generating operation (e.g., columns, rows,
tables, etc.), other optimizations, and the like. In addition,
the tree 420 may be serialized to extract a mapping 430. The
mapping defines which component of the structure 1is
mapped to which part of the database scheme. In the
example of FI1G. 4, a mapping 1s given for the RECORD_ID
field, which 1s mapped to the RECORD_ID column of the
T_TAB2 table. The database scheme 440 may be implicitly

contained 1n the mapping and can be derived easily. It may
be enhanced by some administrative parts (e.g., columns for
primary and foreign keys). As a result, 1t may contain the
tables, their columns and types as well as the relations.
Furthermore the function H described in the example of the
generator tool 1 FIG. 3 may be implemented by generating
a tree 420 for each data structure or executing the process for
cach structure.

The optimization performed on the tree 420 may improve
the database scheme by reducing the amount of tables 440
needed for the database 450 to store the data messages, files,
etc., corresponding to the data structures. For example, the
optimization process may create a database scheme which
uses less database tables 440 than 1if the data structure was
stored on a one-to-one ratio where each component of a data
structure 1s given 1ts own table 1n the database tables 440.
Also, the embodiments described herein may inline the
structures and corresponding substructures. For example, a
structure may have one 1nstance of the substructure within it,
and by inliming the structure and the substructure they can
share the same table among the tables 440. However, 1n
some examples 1t may be diflicult to inline a subtable
because then the structure may relate to multiple rows 1n the
substructure. In this example, a separate or additional table
among the tables 440 may be used and the multiple tables
may be connected using relations and columns as a parent 1D
included within one or more of the tables.

FIG. 5 1illustrates an example 500 of deriving a database
scheme from a data structure 510 1n accordance with an
example embodiment. In this case, the data structure 510 1s
used to generate the database scheme shown as entity-
relationship diagram (ERD) 520. As an mmtial step, an
algorithm 1s derived to determine a database scheme for
storing a data structure. Further, the algorithm 1s used to
generate a tree structure (such as tree structure 420 shown 1n
FIG. 4) which may be used to generate the database scheme.

As a general understanding, ¥ 1s defined as the set of all

possible data structures and S is defined as the set of all
possible relational database schemes. Assume that the set of
used data structures is D E and the set of needed rela-

tional database schemesis S © 5. In Equation 1 below, S and
D are both limited in size by k elements. For D this means
that 1t 1s known which data structures are used in general.

1D|S1=k, with k<o (Equation 1)

According to various aspects, a function H as shown 1n
Equation 2 may be used to generate a relational database
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scheme s&S for a given data structure d=D. An example of
function H 1s represented in Equation 2.

H, &N S d—sg

(Equation 2)

According to various aspects, a function G may be used
to generate a set of relational database schemes S for a given

set of data structures D by applying the function H for each
deD.
As an example, the function G may be defined as:

G(D)=S
The invariant of G holds:

(Equation 3)

VYdeED H(d)ES (Equation 4)

The result of function G from Equation 3 can then be
combined to a single database scheme. When using the
function 1n a preprocessing step, the resulting database
schemes can be merged and deployed on the database.
Afterwards the data can be persisted 1n the generated data-
base tables.

The function H in Equation 2 describes how a given data
structure d can be used to construct a database scheme s.
Here, function H uses data structure d and creates a table in
database scheme s for every substructure or subtable (the
term table can also be a list or an array or similar parts of
data structures). Every field in data structure d gets trans-
ferred 1into a column of the parent structure or table. The
resulting database tables may be connected by using rela-
tions. Also, each generated table in database scheme s gets
an ID column to identity (and an object ID column 1f
required by the itended purpose) and be used as primary
key. Each table generated through a substructure or subtable
in addition may also get a parent ID column as foreign key.

The function H can also be seen as a function that
describes how a given data structure d can be transformed
into a database scheme s. By using a further step 1n between,
the above description of H can be fulfilled by the following
steps:

Step 1: Build up a tree describing the components of data

structure d

Step 2: Serialize the tree to generate data scheme s

Step 3: Postprocessing of s

In a first step, the data structure d may be decomposed nto
its components. Fach substructure or subtable included
therein may be represented as a node in the tree and the
structure itself 1s the tree’s root. Every field may further be
represented as a leal in the tree. In a second step the tree 1s
serialized. Therefore each node may be regarded as a table
and each leaf as a column in the parent node’s table. In the
last step the resulting database scheme s 1s enhanced by
adding the keys. As described, each table may receive an 1d
column (and an object 1d column) as primary key. Each
table, except the table dernived from the tree’s root node,
additionally may receive a parent 1d column as foreign key.
In general this step also performs the naming of the elements
used 1n the database scheme. The examples herein may not
describe how these names are generated, because this may
depend on the used technologies and the mtended purpose.
But still, these names may be unique to some extends. For
example, a table name may be unique across the database. In
general these problems can be solved by checking for
duplicated names and resolve them by appending a collision
counter.

FIG. 5 1illustrates an example of how a database scheme
500, shown as the ERD 3520, gets derived from the data
structure 510. The root of the data structure 510 1s mapped
to the table T ROOQOT of the ERD 520. The field retferred to
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as Field1 of the data structure 510 1s mapped as a column
with the same name into this table of ERD 520. The
substructure and the subtable of data structure 510 are both
mapped to separate tables in ERD 520. Both are connected
to the T_ROOT table of ERD 520 by using the Parent ID as
foreign key. The component type of a substructure or
subtable may directly influence the cardinality of the rela-
tion. As an example of a substructure, a one to one cardi-
nality may be suflicient because the substructure does not
contain additional rows. However, a subtable may contain
multiple rows referring to the same parent structure, which
may lead to a one to many cardinality. In the example of
FIG. §, the ID and Parent ID columns may be administrative
columns that are added i a last step. The ID columns are
used as primary key and the Parent 1D columns are used as
foreign keys to realize the relationships between the tables.

FIG. 6 1llustrates a method 600 for generating a normal-
ized database scheme 1n accordance with an example
embodiment. Referring to FIG. 6, the method includes
receiving a plurality of data objects having a plurality of data
structures, respectively, 1n 610. For example, the plurality of
data objects may include a first data object having a first data
structure and a second data object having a second data
structure that 1s different than the first data structure. The
data object may refer to a data file, a data message, and the
like. It should also be appreciated that some data objects
may have the same data structures or they may be different.
In 620, the method further includes generating a database
scheme based on the plurality of data structures. According
to various embodiments, the generated database scheme
may retain information about a structure of each of the
plurality of data structures of the plurality of data objects.
For example, 11 the plurality of data objects include a first
data message having a first data structure and a second data
message having a second data structure, the method may
include retaining structure information of the first and sec-
ond data structures. The database scheme may be generated
using the previously described generator tool.

In some examples, the first data message may be repre-
sented by a first tree based on the first data structure, and the
second data message may be represented by a second tree
based on the second data structure. In this example, the
database scheme may be generated based on a combination
of the first tree and the second tree or on a combination of
the database scheme resulting from the first tree and the
database scheme from the second tree. As another example,
the generating of the database scheme may include mapping
a field of a first data structure to a respective column and/or
a row of a table included 1n a database, and mapping a field
of a second data structure to another respective column
and/or a row of the table included 1n the database. In an
example 1n which the first data object 1s a first data message
and the second data object 1s a second data message, the first
data structure may correspond to a first message type or a
first interface configured to receive the first message, and the
second data structure may correspond to a second message
type and/or a second interface configured to receive the
second message. As another example, the generating of the
database scheme may include generating a first database
scheme based on the first data structure, generating a second
database scheme based on the second data structure, and
merging the first database scheme and the second database
scheme 1nto a single combined database scheme to generate
the database scheme according to various embodiments.

The method turther includes generating and/or executing,
transformation logic based on the generated database
scheme and transforming data from corresponding to the
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plurality of data objects into the generated database scheme,
in 630. For example, the transforming may include trans-
forming a format of a first data message from a first data
structure into a format of the database scheme based on the
generated transformation logic, and transforming a format of
a second data message from a second data structure into the
format of the database scheme based on the generated
transformation logic. Furthermore, in 640 the method
includes storing the transformed plurality of data objects 1n
the database according to the database scheme. For example,

the database may include a relational database or another
type of digital database.

FIG. 7 illustrates a database scheme generating device
700 1n accordance with an example embodiment. For
example, the database scheme generating device 700 may be
a computing device such as a computer, a server, a mobile
device, a router, a cloud computing device, and the like,
configured to perform the method 600 of FIG. 6. Further-
more, 1 some examples, the database scheme generating
device 700 may include an internal database for deploying
the database scheme. As another example, the database
scheme generating device 700 may be connected to an
external database, for example, over a network or through
another means such as a secure channel, a wired channel, a
wireless channel, or a combination thereof. Although not
shown 1n FIG. 7, the database scheme generating device 700
may include a recerving component capable of receiving
data objects such as messages and files from other compo-
nents or devices.

Referring to FIG. 7, the database scheme generating
device 700 includes a network interface 710, a processor
720, a controller 730, and a database storage 740. The
network interface 710 may receive data objects from one or
more other devices. For example, the network interface 710
may receive messages, data files, and the like. The processor
720 may 1nclude one or more processing devices having a
single core or multicores. For example, the processor 720
may include circuitry and/or logic for processing the meth-
ods steps of FIG. 6. The controller 730 may control data that
1s stored 1n the database storage 740. For example, the
controller 730 may deploy a database scheme on the data-
base storage 740. As an example, the database 740 may be
a relational database or other type of digital database.
Although the processor 720 and the controller 730 are
shown separately for convemence of description, the func-
tions of the two components may be combined into a single
device or a combination of device and software.

In this example, the network interface 710 may receive a
first data object having a first data structure and a second
data object having a second data structure that 1s different
than the first data structure. For example, the first and second
data objects may be messages received from an Internet of
Things infrastructure or other system or device in which
messages are transmitted, but not limited to two devices or
systems. The processor 720 may generate a database scheme
based on the first data structure and the second data struc-
ture. The generated database scheme may retain structural
information about the first data structure and about the
second data structure, thereby enabling further searching
and processing to be performed on the first and second data
objects when they are persisted into storage 740. The
controller 730 may store the first data object and the second
data object, 1n the storage 740, according to the generated
database scheme.

In some examples, the processor 720 may generate trans-
formation logic based on the generated database scheme,
and the controller may transform a format of the first data
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object from the first data structure into a format of the
database scheme based on the generated transformation
logic, transform a format of the second data object from the
second data structure 1nto the format of the database scheme
based on the generated transformation logic, and store the
transformed first data object and the transformed second
data object in the database storage 740. In some examples,
the processor 720 may 1dentily a first tree based on the first
data structure, i1dentify a second tree based on the second
data structure, and generate the database scheme based on a
combination of the first tree and the second tree or as a
combination of the resulted database schemes. In this
example, the first data structure may be represented by a first
tree and the second data structure may be represented by a
second tree, and the processor 720 may generate the data-
base scheme based on the first tree and the second tree. To
generate the database scheme, the processor 720 may per-
form transformations and/or optimizations on the tree struc-
ture of the data. For example, the processor 720 may
perform one or more of inlining one or more nodes 1n a tree
which have a one to one relationship to a parent node 1n the
tree, splitting nodes 1n a tree, for example, to reduce com-
plexity of the tree, allow reuse/sharing of nodes, and/or to
tulfill limitations of the used database system (e.g. maxi-
mum number of allowed columns per table), merging nodes
in a tree to share common parts of a structure in the
respective tree, assigning a table name to nodes and a
column name to leaves of the tree, and the like.

As another example, the processor 720 may map a field of
the first data structure to a respective column and/or a row
of a table included 1n the database 740, and map a field of
the second data structure to another respective column
and/or a row of the table included in the database 740. In
some examples, the processor 720 may generate a first
database scheme based on the first data structure, generate a
second database scheme based on the second data structure,
and merge the first database scheme and the second database
scheme 1nto a single combined database scheme to generate
the database scheme.

The example embodiments are directed to a system and
method for generating a database scheme for generic data.
For example, the generic data may have a plurality of
different data structures which may be accounted for by a
single database scheme. In the examples herein, the structure
ol a data object (e.g., a data message, data file, and the like)
may be input to a generator tool which may generate a
database scheme based thereon. This pre-process may be
repeated for a plurality of different data objects having
different data structures. As a result, a plurality of data
schemes may be generated. The example embodiments may
merge or otherwise combine the data schemes 1nto a single
data scheme which retains structural immformation about a
plurality of different data objects and deploy the data scheme
on a database. Accordingly, data that has a different struc-
ture, or looks different, may be stored 1n a single relational
database. In addition, by retaining the original structure of
the data objects further searching and processing may be
performed on the different types of data objects stored 1n the
same relational database.

As will be appreciated based on the foregoing specifica-
tion, the above-described examples of the disclosure may be
implemented using computer programming or engineering
techniques including computer soiftware, firmware, hard-
ware or any combination or subset thereof. Any such result-
ing program, having computer-readable code, may be
embodied or provided within one or more non transitory
computer-readable media, thereby making a computer pro-
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gram product, 1.e., an article of manufacture, according to
the discussed examples of the disclosure. For example, the
non-transitory computer-readable media may be, but 1s not
limited to, a fixed drive, diskette, optical disk, magnetic tape,
flash memory, semiconductor memory such as read-only
memory (ROM), and/or any transmitting/receiving medium
such as the Internet, cloud storage, the internet of things, or
other communication network or link. The article of manu-
facture containing the computer code may be made and/or
used by executing the code directly from one medium, by
copying the code from one medium to another medium, or
by transmitting the code over a network.

The computer programs (also referred to as programs,
soltware, soltware applications, “apps™, or code) may
include machine instructions for a programmable processor,
and may be implemented 1n a high-level procedural and/or
object-oriented programming language, and/or 1n assembly/
machine language. As used herein, the terms “machine-
readable medium” and “computer-readable medium™ refer
to any computer program product, apparatus, cloud storage,
internet of things, and/or device (e.g., magnetic discs, opti-
cal disks, memory, programmable logic devices (PLDs))
used to provide machine instructions and/or data to a pro-
grammable processor, ncluding a machine-readable
medium that receives machine instructions as a machine-
readable signal. The “machine-readable medium”™ and “com-
puter-readable medium,” however, do not include transitory
signals. The term “machine-readable signal” refers to any
signal that may be used to provide machine instructions
and/or any other kind of data to a programmable processor.

The above descriptions and 1illustrations of processes
herein should not be considered to imply a fixed order for
performing the process steps. Rather, the process steps may
be performed 1n any order that i1s practicable, including
simultaneous performance of at least some steps. Although
the disclosure has been described 1n connection with specific
examples, 1t should be understood that various changes,
substitutions, and alterations apparent to those skilled in the
art can be made to the disclosed embodiments without
departing from the spirit and scope of the disclosure as set
forth 1n the appended claims.

What 1s claimed 1s:
1. A computing device comprising:
an 1interface configured to receive a message from a
sender which comprises a generic data structure;
a processor configured to decompose the message 1nto
one or more substructures and generate a combined
database schema 1n which the processor
maps a structure representing the message to a first
table and names of a plurality of fields within the
message to names of a plurality of columns of the
first table, respectively,

maps a substructure from among the one or more
substructures to a second table and names of a
plurality of fields within the substructure to names of
a plurality of columns of the second table, respec-
tively,

adds an 1dentifier column of the first table to the second
table to generate a foreign key relationship between
the second table and the first table,

generate the combined database scheme including the
plurality of columns of the first table comprising the
mapped names of the plurality of fields of the
message and the plurality of columns of the second
table comprising the mapped names of the plurality
of fields of the substructure; and
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a controller configured to move data from the message
into columns of a database table comprising column
names based on the combined database scheme, and
store the database table 1n a database.

2. The computing device of claim 1, wherein the proces-
sor 1s further configured to generate transformation logic
based on the combined database scheme, and

the controller 1s configured to transform a format of the
generic data structure mto a format of the combined
database scheme based on the generated transformation
logic.

3. The computing device of claim 1, wherein the generic
data structure 1s represented by a tree, and the processor 1s
configured to generate the combined database scheme based
on a transformation of the tree into the combined database
scheme.

4. The computing device of claim 3, wherein the trans-
formation of the tree comprises at least one of:

inlining one or more nodes in the tree which have a one
to one relationship to a parent node 1n the tree;

splitting nodes in the tree;

merging nodes 1n the tree to share common parts of the
tree; and

assigning a table name to each node and a column name
to each leaf of the tree.

5. The computing device of claim 1, wherein the proces-
sor 1s Turther configured to store mapping information which
maps a field of the structure to a respective column and/or
a row ol the combined database scheme, and maps a field of
the substructure to another respective column and/or a row
of the combined database scheme.

6. The computing device of claim 1, wherein the com-
bined database scheme generated by the processor retains
information about the different respective fields included 1n
the structure and the substructure of the message.

7. The computing device of claim 1, wherein the proces-
sor 1s configured to generate the combined database scheme
by 1nserting both the first table of the structure and the
second table of the substructure into the combined database
scheme.

8. The computing device of claim 1, wherein the proces-
sor 1s configured to name the plurality of columns of the first
table with corresponding names of the plurality of fields
from the message that are mapped thereto.

9. The computing device of claim 1, wherein the proces-
sor adds the identifier column of the first table to an
administrative column of the second table to generate the
foreign key relationship between the second table and the
first table.

10. A method comprising:

recerving a message from a sender which comprises a
generic data structure;

decomposing the message into one or more substructures;

mapping a structure representing the message to a first
table and names of a plurality of fields within the
message to names of a plurality of columns of the first
table, respectively;

mapping a substructure from among the one or more
substructures to a second table and names of a plurality
of fields within the substructure to names of a plurality
of columns of the second table, respectively;

adding an 1dentifier column of the first table to the second
table to generate a foreign key relationship between the
second table and the first table;

generating a combined database scheme that includes the
plurality of columns of the first table comprising the
mapped names of the plurality of fields of the message
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and the plurality of columns of the second table com-

prising the mapped names of the plurality of fields of

the substructure;

moving data from the message into columns of a database
table comprising column names based on the combined
database scheme; and

storing the database table 1n a database.

11. The method of claim 10, further comprising generat-
ing transformation logic based on the combined database
scheme,

wherein the transforming comprises transiforming a for-

mat of the generic data structure into a format of the
combined database scheme based on the generated
transformation logic.

12. The method of claim 10, wherein the generic data
structure 1s represented by a tree, and the generating com-
prises generating the combined database scheme based on a
transformation of the tree into the combined database
scheme.

13. The method of claim 12, wherein the transformation
of the tree comprises at least one of:

inlining one or more nodes 1n the tree which have a one

to one relationship to a parent node in the tree;
splitting nodes 1n the tree;

merging nodes 1n the tree to share common parts of the

tree; and

assigning a table name to each node and a column name

to each leaf of the tree.

14. The method of claim 10, wherein the method further
comprises storing mapping information which maps a field
of the structure to a respective column and/or a row of the
combined database scheme, and maps a field of the sub-
structure to another respective column and/or a row of the
combined database scheme.

15. The method of claim 10, wherein the combined
database scheme retains information about the different
respective fields icluded 1n the structure and the substruc-
ture of the message.

16. The method of claim 10, wherein the generating
comprises mserting both the first table of the structure and
the second table of the substructure into the combined
database scheme.
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17. A non-transitory computer readable medium having
stored therein mstructions that when executed cause a com-
puter to perform a method comprising:

recerving a message from a sender which comprises a

generic data structure;

decomposing the message 1nto one or more substructures;

mapping a structure representing the message to a first

table and names of a plurality of fields of the message
to names of a plurality of columns of the first table,
respectively;

mapping a substructure from among the one or more

substructures to a second table and names of a plurality
of fields within the substructure to names of a plurality
of columns of the second table, respectively;

adding an identifier column of the first table to the second

table to generate a foreign key relationship between the
second table and the first table;

generating a combined database scheme that includes the

plurality of columns of the first table comprising the
mapped names of the plurality of fields of the message
and the plurality of columns of the second table com-
prising the mapped names of the plurality of fields of
the substructure;

moving data from the message 1nto columns of a database

table comprising column names based on the combined
database scheme; and

storing the database table 1n a database.

18. The non-transitory computer readable medium of
claim 17, wherein the generic data structure 1s represented

by a tree, and the generating comprises generating the
combined database scheme based on a transformation of the
tree into the combined database scheme.

19. The non-transitory computer readable medium of
claam 17, wherein the method further comprises storing
mapping information which maps a field of the structure to
a respective column and/or a row of the combined database
scheme, and maps a field of the substructure to another
respective column and/or a row of the combined database
scheme.

20. The non-transitory computer readable medium of
claiam 17, wherein the generating comprises inserting both
the first table and the second table into the combined
database scheme.
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